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Abstract: At present the production of waste is a problem in several coun-
tries, where the rate of waste has gradually increased due to several factors that
influence the development of the population. A pioneering project called Pay-As-
You-Throw (PAYT) was implemented in the Portuguese city of Guimarães and
is managed by the municipal company VITRUS AMBIENTE. The challenge of
this project is to identify the factors that influenced municipal solid waste pro-
duction in the PAYT project area. For this, an analysis and a modeling process
were carried out based on data collected between April 2016 and April 2019.
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1 Introduction
In this work, we address the issue of urban waste in the city of Guimarães.
An appropriate solid urban waste management becomes a local and na-
tional challenge with the development of legislative plans and standards
set in the ”Plano Estratégico da Gestão de Reśıduos Urbanos” (PERSU).
This plan encourages the maximization of waste potential and suggests
to introduce a tax to promote the separation at source and the increase
of collection rates: the Pay-As-You-Throw (PAYT) system. This system
is based on the ”polluter-payer” principle and on the concept of shared
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responsibility, according to which those generate less waste pay less. This
check is carried out on the basis of the number of bags sold, that is, citizens
buy the bags of organic waste according to the capacity requested, and the
bags for recycling are free of cost. This is one of the system’s strengths in
adopting good environmental practices. Guimarães was a pioneering city
in the implementation of this system, and VITRUS AMBIENTE is a local
public company that manages all the environments of the system: from the
residue collection to public awareness of the population. The main objec-
tive is to determine the factors that influence the production of waste in
the system’s operation area (Figure 1).
FIGURE 1. Map with the expansion plans of PAYT system (left); Current area
of operation of PAYT system (right).
2 Preliminary Results
Being a project in progress, in this study ratio estimators were used to
estimate the percentage increase of recycling increase after the implemen-
tation of the PAYT system in the areas of operation. The values obtained
in the first year of PAYT exceeded the goals established by the ”Plano
Estratégico para os Reśıduos Urbanos 2020” (PERSU 2020), as well as the
initial objectives defined, improving the city’s environmental sustainability
position. As we can see in Figure 2, in the first year of PAYT there was
a 34% decrease in the amount of organic waste and a 126% increase in
the amount of recyclable waste. The PAYT system was implemented in
the Historic Center of Guimarães in 2016 and, due to its success, it was
expanded to the peripheries in early 2019. Table 1 shows the total values
Silva et al. 3
of urban waste production in the PAYT area. PAYT Year is the period
between April and March of the following year.
European Average 15% 30%
Goals 15% 10%
First Results 34% 126%
FIGURE 2. First results in the first year of PAYT implementation.
TABLE 1. Total urban waste (organic and selective) during PAYT years.
Total Weight of Urban Waste (tons)
PAYT Year Organic Paper Plastic/Metal Glass
Year 1 538.48 68.54 54.30 147.72
Year 2 628.14 84.68 54.14 174.44
Year 3 1068.96 138.18 62.46 235.76
It is noteworthy that in the PAYT Year 3 there was an increase in the
production of urban waste, mainly due to the fact that the area of operation



















FIGURE 3. Evolution of quantities collected since the beginning of the PAYT
system (left). Current number of PAYT users (right).
In Figure 3, we verified the behavior associated to the amount of urban
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waste collected over three years, where a supposed seasonality of data is
verified. It should be noted that the system currently has 379 home users
and 291 non-household users. These factors will be analyzed later to draw
conclusions, in order to assist the management of the PAYT system.
Acknowledgments: Special thanks to VITRUS AMBIENTE for invest-
ing on science and innovative projects. This research was partially funded
by Portuguese funds through the Portuguese Foundation for Science and
Technology (”Fundação para a Ciência e a Tecnologia” - FCT), within the
framework of project UID/MAT/00013/2013.
References
Kuyter, K. and Bloemer, J. (1998). On the relationship between perceived
service quality, service loyalty and switching costs.
International Journal of Service Industry Management, 19, 436 – 453.
Pires, A., Martinho, G. and Chang, N. (2011). Solid waste management in
European Countries: A review of systems analysis techniques. Waste
Management, 9 (12), 1033 – 1050.
R Core Team. (2018). R: a language and environment for statistical com-
puting. Version 3.5.0. Vienna, Austria: R Foundation for Statistical
Computing. URL https://www.R-project.org/.
Skumatz, L.A. (2008). Pay as You Throw in the US: Implementation, Im-
pacts, and Experience. Waste Management, 28 (12), 2778 – 2785.
